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PREFACE 
Within the Energy program, this paper contributes to  the assessment, comparison. 
and evaluation of energy strategies, in particular the impact of the energy supply system 
on other branches of the economy. This impact is characterized by the demand for indus- 
trial products necessary for building and operating the energy supply system, the required 
putting into operation of industrial production capacities, capital investment in the energy 
supply system and related branches, and the direct and indirect expenses of limited domestic 
natural resources. 
The dynamic model for treating all these characteristics was constructed at the 
Siberian Power Institute and modified at IIASA. 

SUMMARY 
In planning future energy supply strategies and evaluating alternatives. the fact that 
the energy system is embedded in the national economy must be taken into account. This 
is a general requirement deriving from the system-oriented problem approach. For the elab- 
oration of long-range energy programs, we must make use of tools that help us to  answer the 
following questions: 
- How do the requirements of various energy programs differ with respect t o  the nec- 
essary development of other branches of the national economy? 
- How much capital. manpower, material. and natural resources would be needed, 
and when? 
- Is a given energy program feasible? If not, what can be done to  make it feasible? 
Answers to these questions should address both the direct and the indirect require- 
ments of candidate energy programs. Analysis shows that the indirect requirements per u n ~ t  
of energy production capacity are a function of the rate of energy development. The more 
abrupt the rate increase. the wider the circle of related branches and the higher the indirect 
material. manpower. and monetary costs. The same effect can be provoked also by in- 
creased specific investment in fuel extraction and transportation, rapid transition to new 
energy sources or new technologies, decreased import of energy equipment and materials, 
and the like. Thrrefore. one cannot estimate the indirect expenses in capital, manpower. 
material. and natural resources without taking the dynamics and actual conditions of energy 
system development into account. 
An interindustrial dynamic model has been elaborated by the author and V. 
Tkachenko at the Siberian Power Institute for investigating the influence of sizeable long- 
term changes in the technology. structure, and rate of energy development on other branches 
of the national economy. The model provides a systematic means of calculating. for any given 
strategy (variant). the direct and indirect resources required t o  build and operate the energy 
supply facilities for providing the fuel mix specified for that variant. Also, the feasibility 
of various proposed mixes can be assessed in terms of the time, capital. manpower. and 
materials required for the energy supply system. 
In conditional medium- and long-range forecasting. where prices and constraints have 
maximal uncertainty, the minimum sum of direct and indirect capital investment and other 
Limited resources may be cons~dered an additional criterior for comparing variants. With that 
aim, it is proposed that our model be used in combination with the Bechtel Corporation 
model and the so-called WELMM approach.' 
Comparing strategies in terms of this additional criterion is not enough in the case 
of particularly significant changes in the structure of the energy balance or a large-scale 
transition to  new methods of energy production. In these cases. t o  confine the comparison to  
feasible strategies, an iterative step must be introduced. It involves analyzing, t o  the maximum 
extent possible, the direct and indirect production relations of energy systems with the 
national economy. By introducing the constraints on utilization of major resources, the 
initial goals of the strategies and/or the objective function for optimizing the energy strategies 
considered are modified. 
This approach for a perspective of more than 15-20 years is now being developed 
at  IIASA. I t  is based on coordination of the Hafele-Manne energy optimization model with 
a long-term macroeconomic model and with the model described in this paper. 
'see M. Grenon and B. Lapillonne, The WELMM Approach to  Energy Strategies 
and Options, Research Memorandum, International Institute for Applied Systems Analysis. 
Laxenburg, Austria (forthcoming). 
Modeling of the Influence of Energy Development 
on Different Branches of the National Economy 
INTRODUCTION 
Owing to the high degree of interchangeability of energy 
resources, the electric power, atomic, oil, oil-refining, gas, 
and coal industries can be considered as one energy supply sys- 
tem (ESS). Its functioning and development have a close and 
complex interrelationship with nature, society, and the economy. 
The investigation and correct registration of these interrela- 
tions are indispensable for effective energy policy design. 
The so-called production relations, an important part of 
the entire system of ESS external relations, are considered in 
this paper. Via these relations, the ESS strongly influences 
the development of most branches of industry, construction, and 
transport, as it is a big consumer of their production.* Con- 
versely, insufficient branch development and lack of funds for 
investment or import of equipment can negatively influence the 
rates of development of effective energy resources. 
Investigating these relations gains in importance because 
--partly in view of the forthcoming large-scale use of atomic 
energy and other new energy sources--most countries want to 
employ their own energy resources and thus rely on their own 
infrastructure. The final goal of such investigations is to 
improve the methods of long-term energy policy development by 
means of more complete registration of the requirements of ESS 
development variants that the national economy must provide, and 
of the possibilities for satisfying them. 
Work in this direction is being carried out at IIASA in 
cooperation with the Siberian Power Institute (USSR), the Bechtel 
Corporation (USA), and other national organizations. The first 
stage is to design an instrument suitable for approximate quan- 
titative evaluation of the influence of changes in rates, struc- 
ture, and technology of energy resource production on different 
branches of the national economy and on total consumption of 
* 
Thus, for example, in the USSR ESS development requires 
more than 30% of all industry investment. It consumes, directly 
or indirectly, 65% of all the tubes manufactured and up to 20% 
of other metallurgical products, approximately 15-201 of copper 
and aluminum, 13-16% of cement, and more than 15% of the gross 
machine-building production [I]. 
c a p i t a l  i n v e s t m e n t s  and o t h e r  l i m i t e d  r e s o u r c e s .  Some r e s u l t s  
o f  t h e s e  s t u d i e s  a r e  g i v e n  i n  t h i s  p a p e r .  
EXTERNAL PRODUCTION RELATIONS OF THE ESS 
The p r o d u c t i o n ,  c o n v e r s i o n ,  t r a n s p o r t ,  and d i s t r i b u t i o n  
o f  e n e r g y  r e s o u r c e s  demand g r e a t  i n v e s t m e n t s  and t i m e l y  d e v e l -  
opment of  t h e  i n d u s t r y  b r a n c h e s  whose p r o d u c t s  a r e  i n v o l v e d  i n  
t h e  ESS. These b r a n c h e s  may t h e n  r e q u i r e  a d d i t i o n a l  i n v e s t -  
ments  and m a t e r i a l s ,  e n g e n d e r i n g  new e x t e r n a l  p r o d u c t i o n  r e l a -  
t i o n s  o f  t h e  ESS. These r e l a t i o n s h i p s  c a n  b e  p r e s e n t e d  i n  a  
form s u i t a b l e  f o r  a n a l y s i s  i f  we proceed  a s  f o l l o w s :  
- Choose d i r e c t  and i n d i r e c t  r e l a t i o n s  a s  w e l l  a s  
r e l a t i o n s  connec ted  w i t h  s u p p l y i n g  p r o d u c t s  f o r  
o p e r a t i o n a l  r e q u i r e m e n t s  ( o p e r a t i o n a l  r e l a t i o n s )  
and c a p i t a l  c o n s t r u c t i o n  ( i n v e s t m e n t  r e l a t i o n s )  ; 
- R e p r e s e n t  t h e  f o r m a t i o n  p r o c e s s  o f  i n v e s t m e n t  r e l a -  
t i o n s  a s  a  sequence  o f  t ime-shared  e v e n t s  t o  p r o v i d e  
t h e  i n t e n d e d  i n c r e a s e  i n  energy  r e s o u r c e  p r o d u c t i o n ;  
- Choose c o n v e n t i o n a l  t i m e  s t e p s  and s e l e c t  t h e  r e l a t -  
ed i n d u s t r y  b r a n c h e s  s u c h  t h a t  t h e  p r o d u c t s  a t  e a c h  
l e v e l  c a n  b e  manufac tured  s i m u l t a n e o u s l y .  
The e x t e r n a l  p r o d u c t i o n  r e l a t i o n s  of  t h e  ESS w i l l  t h u s  have a  
m u l t i l e v e l  s t r u c t u r e  i n  which t h e  i n v e s t m e n t  r e l a t i o n s  a r e  p re -  
s e n t e d  a s  v e r t i c a l  and t h e  o p e r a t i o n a l  r e l a t i o n s  a s  h o r i z o n t a l  
( F i g u r e  1 ) .  The l a t t e r  have r a t h e r  complex s t r u c t u r e s  them- 
s e l v e s  and c a n  b e  d e s c r i b e d  by i n p u t - o u t p u t  m a t r i c e s .  
A g i v e n  i n d u s t r y  b r a n c h  o r  e n t e r p r i s e  c a n  b e  p l a c e d  s i m u l -  
t a n e o u s l y  a t  d i f f e r e n t  t i m e  s t e p s  and connec ted  w i t h  t h e  ESS 
b o t h  d i r e c t l y  and i n d i r e c t l y .  I n  t h e  f i r s t  c a s e ,  i t s  p r o d u c t i o n  
i s  consumed d i r e c t l y  by t h e  ESS i t s e l f ;  i n  t h e  second ,  it i s  
d e v o t e d  t o  development  o f  r e l a t e d  b r a n c h e s .  
F i g u r e  1 shows t h a t  i f  any l e v e l  h a s  no i n c r e a s e  i n  pro-  
d u c t i o n  c a p a c i t y  (AX = O ) ,  a l l  i n d i r e c t  r e l a t i o n s h i p s  o f  t h e  
P  
ESS a r e  b roken ,  b e g i n n i n g  a t  t h e  n e x t  l e v e l  (X  = 0 ,  
P+ 1  
X 
P+ 2  
= 0 , .  C o n s e q u e n t l y ,  t h e  r e q u i r e d  l e a d  t i m e  f o r  d e v e l -  
oping r e l a t e d  b r a n c h e s  a l s o  d e c r e a s e s .  
The deve lopment  o f  new c a p i t a l  i n t e n s i v e  energy  t e c h -  
n o l o g i e s  on  a  l a r g e  s c a l e  n e c e s s i t a t e s  a p p r e c i a b l e  c a p i t a l  
i n v e s t m e n t  i n  machine b u i l d i n g ,  m e t a l l u r g y ,  c o n s t r u c t i o n  
m a t e r i a l s ,  and r e l a t e d  i n d u s t r i a l  s e c t o r s .  These i n v e s t m e n t s  
must p r e c e d e ,  by f i v e  t o  t e n  y e a r s  o r  more, d i r e c t  i n v e s t m e n t  
i n  t h e  e n e r g y  sys tem.  T h i s  i s  i l l u s t r a t e d  by F i g u r e  2, showing 
t h e  d i s t r i b u t i o n  o v e r  t i m e  o f  d i r e c t  and i n d i r e c t  i n v e s t m e n t  
Conventional 
time s t eps  
Prcducts f o r  Products f o r  operation 
m n s t r u d i o n  
1 
2 
direct relations, ~-b indirect relations 
x:P) $PO vectors of product output for construction and operation 
qpp) vectors of required capacities to be put into operation 
Figure 1 .  Simplified structure of external production relations of the energy supply system. 
Figure 2. Distribution of  direct and indirect investment in FBR development. 
f o r  p u t t i n g  i n t o  o p e r a t i o n  f a s t  b r e e d e r  r e a c t o r s  w i t h  150 TW 
* ( e l  
t o t a l  c a p a c i t y  d u r i n g  t h e  y e a r s  1996-2000. 
Examinat ion of t h e  c h a i n  of  p r oduc t i on  r e l a t i o n s  o f  t h e  
ESS w i t h  t h e  b r anches  c r e a t i n g  c a p i t a l  r e v e a l s  t h a t  a  number o f  
r e l a t e d  o u t p u t  l e v e l s ,  and t h e  s c a l e s  of  p u t t i n g  new c a p a c i t i e s  
i n t o  o p e r a t i o n  and p roduc t i o n  i n  r e l a t e d  b r anches ,  a r e  u l t i m a t e l y  
a  f u n c t i o n  o f  ESS development  r a t e s .  When t h e  v a l u e  of  t h e  
a nnua l  r a t e  o f  energy r e s o u r c e  p r oduc t i on  does  n o t  i n c r e a s e ,  t h e  
i nve s tmen t  r e l a t i o n s  o f  t h e  ESS a r e  l i m i t e d  by t h e  f i r s t  r e l a t -  
ed o u t p u t  l e v e l  and a r e  mainly d i r e c t  ones .  With i n c r e a s i n g  
r a t e s  o f  energy  development ,  t h e  r o l e  o f  t h e  i n d i r e c t  r e l a t i o n s  
a l s o  i n c r e a s e s .  The h i g h e r  t h e  planned r a t e s ,  t h e  wider  t h e  
* 
Some Bech t e l  Co rpo ra t i on  d a t a  were used f o r  t h e s e  c a l c u l a -  
t i o n s .  The c o n s t u c t i o n  p e r i o d  i s  t a k e n  t o  b e  t h r e e  y e a r s  f o r  a l l  
f a c i l i t i e s .  
c i r c l e  o f  r e l a t e d  b r anche s ,  t h e  g r e a t e r  t h e  expenses  f o r  i n -  
ve s tmen t ,  l a b o r ,  and m a t e r i a l  r e s o u r c e s ,  and t h e  l o n g e r  t h e  t i m e  
f o r  t h e i r  development.  
T h i s  i s  confirmed by t h e  r e s u l t s  o f  c a l c u l a t i o n  ( F i g u r e s  
3 - 6 )  made w i t h  t h e  h e l p  of  t h e  model d e s c r i b e d  below. Here t h e  
o i l  and g a s  d e p o s i t s  o f  w es t e r n  S i b e r i a  and t h e  Kansko-Achinskii  
c o a l  f i e l d s  have been t a k e n  i n t o  c o n s i d e r a t i o n .  S p e c i f i c  i n v e s t -  
ments i n  f u e l  e x t r a c t i o n  and t r a n s p o r t a t i o n  t o  t h e  European p a r t  
o f  t h e  USSR have been t a k e n  a s  i n v a r i a b l e  i n  a l l  v e r s i o n s .  
Obvious ly ,  a n  i n c r e a s e  i n  i n d i r e c t  expenses  p e r  u n i t  o f  
energy  p r o d u c t i o n  c a p a c i t y  may b e  due t o  f a c t o r s  o t h e r  t h a n  i n -  
c r e a s i n g  development  r a t e s ,  f o r  example i n c r e a s e d  s p e c i f i c  
i nv es tmen t s  ( m a t e r i a l  exp ens e s )  i n  f u e l  e x t r a c t i o n  and t r a n s -  
p o r t a t i o n ,  t r a n s i t i o n  t o  new energy  s o u r c e s  o r  t e c h n o l o g i e s ,  
d e c r e a s e d  impor t  o f  equipment  o r  m a t e r i a l s  f o r  energy f a c i l i t i e s ,  
e t c .  I n  r e a l i t y ,  a l l  t h e s e  f a c t o r s  c a n  p l a y  a  r o l e  i n  d i f f e r e n t  
combina t ions .  Moreover,  i n d i r e c t  p r o d u c t i o n  r e l a t i o n s  of  a  
p e c u l i a r  t y p e  can  a r i s e  when i n d u s t r i a l  and a g r i c u l t u r a l  pro-  
d u c t i o n  f o r  e x p o r t  must be  i n c r e a s e d  t o  compensate t h e  expense  
of energy  r e s o u r c e  impor t .  
A l l  t h i s  t e s t i f i e s  t o  t h e  f a c t  t h a t  t h e  q u a n t i t a t i v e  
e v a l u a t i o n  o f  t h e  i n f l u e n c e  of  ESS development  on o t h e r  b r anches  
of t h e  n a t i o n a l  economy th r ough  t h e  system o f  d i r e c t  and i n -  
d i r e c t  p r o d u c t i o n  r e l a t i o n s  i s  a  complex t a s k  t h a t  demands an  
adequa t e  i n s t rumen t .  
ECONOMIC-MATHEMATICAL MODEL 
The problem of  d e f i n i n g  t h e  i n f l u e n c e  o f  energy  deve lop-  
ment v a r i a n t s  on v a r i o u s  b r anches  of  t h e  n a t i o n a l  economy can  
be reduced  t o  t h e  q u a n t i t a t i v e  e s t i m a t i o n  o f  t h e  f o l l o w i n g  
c h a r a c t e r i s t i c s :  
- Required o u t p u t  o f ,  o r  d i r e c t  and i n d i r e c t  expenses  
f o r ,  d i f f e r e n t  t y p e s  o f  i n d u s t r i a l  p r o d u c t s  and 
s e r v i c e s  f o r  t h e  energy  development v a r i a n t  con- 
s i d e r e d ;  
- The r e q u i r e d  p u t t i n g  i n t o  o p e r a t i o n  o f  p r oduc t i on  
c a p a c i t i e s  i n  r e l a t e d  b r anches  of i n d u s t r y ;  
- The t i m e  needed t o  p u t  t h o s e  c a p a c i t i e s  i n t o  o p e r a t i o n ;  
- C a p i t a l  i nves tmen t  i n  t h e  ESS and r e l a t e d  b r anches ;  
- D i r e c t  and i n d i r e c t  expenses  o f  l i m i t e d  r e s o u r c e s  
(manpower, m a t e r i a l s ,  n a t u r a l  r e s o u r c e s ,  e t c . )  
N a t u r a l l y ,  t h e  model f o r  d e t e r m i n a t i o n  of  t h e s e  c h a r a c t e r -  
i s t ics  must be  mu l t i b r anch  and dynamic. I t  must a l s o  t a k e  i n t o  
accoun t  c o n s t r u c t i o n  l a g s  ( t h e  gap i n  t i m e  between t h e  beg inn ing  
0 0 0 0  0 0 0  
m o m 0  m o m  
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of investment and putting the objects into operation) and equip- 
ment and material consumption during the years of construction; 
must describe the interbranch relations, mainly in physical 
terms; and must be convenient for computing. 
Only a few of the existing interbranch models meet these 
requirements; and even those are not well adapted for evaluating 
the external production relations of the ESS, as they are de- 
signed for the determination (planning) of interbranch balance 
and fail to take into account some peculiarities of the problem 
considered (Table 1). The model described here was developed 
to meet all the requirements outlined and take account of the 
peculiarities. * 
The initial data for our model are the volumes and methods 
of ~roduction, conversion, and transportation of individual 
energy resources and other indicators characterizing given 
variants (strategies) of prospective energy development. All 
the data must be given for each year of the period considered. 
This period must include not only the years of the energy 
development as such, which will differ from one variant to an- 
other, but also a number of preceding years. Only then is it 
possible to define correctly the predicted development of re- 
lated branches that is necessary. 
These branches and the nomenclature of industrial output 
taken into account in the model depend on the perspective and 
the accuracy of estimation. In particular, for the development 
variants of the USSR ESS during 1976-1990, the related branches 
were represented in the model by the following aggregated types 
of production: 
Iron and steel industry 
Nonferrous metallurgy 
Construction materials 
Chemical industry 
Machine building 
Two types of construction and three types of transport means 
were also distinguished. 
For the related branches chosen for compilation of the 
model, the following assumptions were made: 
- Products are manufactured by a single method--that is, 
there is no choice of technology or distribution in 
the model: the most progressive production methods 
for the variant considered are assumed; 
- The coefficients (standards) of material, monetary, and 
manpower expenses per unit of production or capacity do 
not depend on the production scales. 
* 
Model modifications are described in [1,2,3]. 
Table 1. The tasks of evaluating the ESS production relations 
and of interbranch balance planning. 
Characteristics to 
be compared Evaluation of external relations 
Interbranch balance 
planning 
Aims of calculations 
Initial data: 
To define possible reactions in Input-output balance 
the national economy according to 
the changes in technology, structure, 
or rate of energy development 
Exogenous variables Value and methods of production 
and transportation of different 
energy resources 
Technical-economic 
indices 
Conditions and requirements: 
For the new enterprises of a 
limited number of branches 
Character of production Any type 
growth 
Start of development Unknown; being searched in the 
of non-energy branches process of calculation 
Production capacities Unknown in some branches 
at the beginning of 
the period considered 
Registration of devel- Not obligatory 
opment beyond the 
period considered 
Final production con- 
sumption of all 
branches 
Average data for all 
branches 
Not decreasing 
Given 
Known 
Obligatory 
These  a s s u m p t i o n s  a r e  t y p i c a l  f o r  i n t e r i n d u s t r y  b a l a n c e  models .  
The i n d i c e s  o f  p r o d u c t i o n  and p u t t i n g  i n t o  o p e r a t i o n  o f  pro-  
d u c t i o n  c a p a c i t i e s  a r e  i n t e r r e l a t e d :  t h e  growth o f  demand f o r  
a  g i v e n  t y p e  o f  p r o d u c t  i s  o n e  of  t h e  main f a c t o r s  i n  e n l a r g i n g  
i n d u s t r i a l  c a p a c i t i e s ,  which i n  t h e i r  t u r n  provoke a d d i t i o n a l  
demand f o r  i n d u s t r i a l  p r o d u c t s .  I t  i s  known t h a t  t h e  s a t i s f a c -  
t i o n  o f  demand must b e  t i m e l y  and might  c a u s e  i n c r e a s e d  capac-  
i t i e s  i n  o t h e r  b r a n c h e s  o f  i n d u s t r y .  T h i s  i n t e r r e l a t i o n  i s  re- 
f l e c t e d  i n  t h e  model by two t y p e s  o f  e q u a t i o n s .  
E q u a t i o n s  of t h e  f i r s t  t y p e  d e s c r i b e ,  f o r  each  p r o d u c t i o n  
t y p e  i and e a c h  y e a r  t ,  t h e  b a l a n c e  o f  o u t p u t  and consumption 
f o r  t h e  o p e r a t i o n a l  needs  and c a p i t a l  c o n s t r u c t i o n  s t a r t e d ,  
c o n t i n u e d ,  and completed d u r i n g  t h a t  y e a r :  
where  X i ( t )  = volume o f  p r o d u c t i o n  i i n  y e a r  t; 
N j  (t)  = p u t t i n g  i n t o  o p e r a t i o n  o f  c a p a c i t i e s  i n  b ranch  j  
i n  y e a r  t; 
'i ( t )  = g u a r a n t e e d  demand f o r  p r o d u c t i o n  i ( d i r e c t  
expenses  f o r  development  o f  t h e  ESS); 
Y i  ( t )  = i m p o r t  o f  p r o d u c t i o n  i; 
ai j  = c u r r e n t  expenses  o f  p r o d u c t i o n  i f o r  m a n u f a c t u r i n g  
o f  p r o d u c t  j ;  
f r j T  = e x p e n s e s  o f  p r o d u c t i o n  i i n  y e a r  t p e r  u n i t  o f  
c a p a c i t y  i n c r e a s e  j  p u t  i n t o  o p e r a t i o n  i n  y e a r  T 
( T = t ,  t + l ,  ..., t + L . ) ;  
I 
' l j  = c o n s t r u c t i o n  l a g  i n  t h e  b ranch  j .  
E q u a t i o n s  of  t h e  second  t y p e  d e t e r m i n e  t h e  v a l u e  and condi -  
t i o n s  o f  p u t t i n g  t h e  new p r o d u c t i o n  c a p a c i t i e s  i n t o  o p e r a t i o n .  
These  e q u a t i o n s  may b e  w r i t t e n  i n  s e v e r a l  ways. The s i m p l e s t  
i s  b a s e d  o n  d e s c r i b i n g  t h e  c a p a c i t i e s  a d d i t i o n a l l y  r e q u i r e d  by 
t h e  end o f  y e a r  t a s  t h e  d i f f e r e n c e  i n  e s t i m a t e d  p r o d u c t i o n  
volumes i n  t h e  n e x t  and t h e  c u r r e n t  y e a r  ( i n  t h e  model, t h e  non- 
n e g a t i v e n e s s  o f  t h i s  d i f f e r e n c e  must  b e  c h e c k e d ) :  
The required capital investments for developing a certain 
branch in year t are determined as an amount of money needed for 
completing the construction objects started earlier and for 
beginning and continuing construction of new production capac- 
ities to be put into operation during the following years. 
The model is a block-structure type (Table 2). The 
first block serves as an estimator of direct expenses of dif- 
ferent types of production, investments, labor, and other re- 
sources needed for realization of a given strategy of ESS 
development. The investments in construction of a non-productive 
infrastructure for the undeveloped areas of new energy facili- 
ties must be included. The results of these estimations serve 
as initial (input) information for the second block, where the 
minimum required production in related branches (minimum total 
expenses) for a given development variant of the ESS is deter- 
mined. It is assumed that direct and indirect energy production 
requirements will be satisfied without putting into operation 
production capacities in related branches.* An exception is 
made only for related enterprises, whose production is consumed 
mainly by the ESS: energy equipment, mining and drilling equip- 
ment, and so forth. In this case, the number of related branches 
is minimal, whereas the total expenses of any one product con- 
nected with realization of the variant considered are composed 
of the cost of development of the complex itself, creation of 
the infrastructure, increase of production capacities in some 
related branches, and current production consumption of all 
branches related to the ESS. 
In the third block the limitations on putting the capac- 
ities of related branches into operation are removed. The model 
estimates the need for additional increases in production in 
general machine building, metallurgy, construction materials, 
and some other branches. It also determines additional capital, 
manpower, and material requirements. 
The sum of the results of second- and third-block calcula- 
tions gives the maximum value of both the output of related 
branches and the total direct and indirect expenses of capital, 
manpower, and limited resources for ESS development. 
* ~ v e n  where the estimation indicates that such capacities 
must be created, the expenses for them are not taken into account. 
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For t h e  c a l c u l a t i o n s ,  an i t e r a t i v e  a lgo r i thm has  been 
worked o u t  t h a t  provides  problem s o l u t i o n s  i n  f i v e  t o  e i g h t  
i t e r a t i o n s .  
POSSIBLE AREA O F  MODEL IMPLEMENTATION 
The model desc r ibed  should b e  cons idered ,  f i r s t  of  a l l ,  a s  
an in s t rumen t  f o r  i n v e s t i g a t i n g  t h e  i n f l u e n c e  o f  l a r g e  and long- 
term changes i n  technology,  s t r u c t u r e ,  and r a t e  of energy devel -  
opment on o t h e r  branches of t h e  n a t i o n a l  economy. The r e s u l t s  
o f  such i n v e s t i g a t i o n s  a r e  impor tant  f o r  e s t i m a t i o n  and com- 
p a r i s o n  of d i f f e r e n t  s t r a t e g i e s  and f o r  e l a b o r a t i o n  o f  an  e f -  
f e c t i v e  long-term energy p o l i c y .  I n  p a r t i c u l a r ,  w i th  t h e  model 
we can  o b t a i n  a d d i t i o n a l  c r i t e r i a  f o r  comparing and e v a l u a t i n g  
p o s s i b l e  i n d i r e c t  consequences o f  r e a l i z a t i o n  of  a  g iven  s t r a t -  
egy: These c r i t e r i a  may inc lude:  1 )  minimum t o t a l  d i r e c t  and 
l n d l r e c t  inves tment ,  manpower, l i m i t e d  m a t e r i a l  and n a t u r a l  
r e sources ;  and 2) e a s e  ( r e l i a b i l i t y )  of s t r a t e g y  r e a l i z a t i o n .  
A s  a  r u l e ,  t h e  second c r i t e r i o n  does n o t  c o n t r a d i c t  b u t  
supplements t h e  f i r s t .  The wider  t h e  c i r c l e  of r e l a t e d  branches 
i s ,  t h e  e a r l i e r  should t h e i r  development begin ;  and t h e  more 
l i m i t e d  r e sources  a r e  r equ i r ed  f o r  development, t h e  more d i f f i -  
c u l t  it i s  t o  r e a l i z e  a  g iven  s t r a t e g y .  Moreover, t h e  proba- 
b i l i t y  of e r r o r s  i n  e v a l u a t i n g  t h e  r e a l  e f f e c t i v e n e s s  of  a  
s t r a t e g y  i s  h ighe r .  The re fo re ,  when o t h e r  c o n d i t i o n s  a r e  e q u a l ,  
t h e  s t r a t e g y  invo lv ing  fewer demands on r e l a t e d  branch develop- 
ment and l e s s  expense f o r  l i m i t e d  r e sources  dese rves  p re fe rence .  
The n e c e s s i t y  f o r  such  a d d i t i o n a l  c r i t e r i a  i n c r e a s e s  wi th  
t h e  u n c e r t a i n t y  i n  t h e  c o s t  i n d i c e s  and c o n s t r a i n t s  used i n  
op t imiz ing  t h e  ESS. Comparison of  t h e  r e s u l t s  o f  op t imiza t ion  
i n  terms of  t h e s e  c r i t e r i a  i s  n o t  enough i n  t h e  c a s e  of s i g n i f -  
i c a n t  changes i n  t h e  s t r u c t u r e  of  t h e  energy ba l ance  and a  l a r g e -  
s c a l e  t r a n s i t i o n  t o  new methods of  energy product ion .  I n  t h e  
p rocess  of  op t imiza t ion  i t s e l f ,  t h e  d i r e c t  and i n d i r e c t  pro- 
d u c t i o n  r e l a t i o n s  o f  t h e  ESS wi th  o t h e r  branches o f  t h e  n a t i o n a l  
economy must be  taken  i n t o  account  t o  t h e  maximum e x t e n t  p o s s i b l e ,  
by means o f  c o r r e c t i n g  t h e  o b j e c t i v e  f u n c t i o n  and/or i n t roduc ing  
t h e  c o n s t r a i n t s  on u t i l i z a t i o n  of  l i m i t e d  r e sources .  
Such an approach f o r  a  p e r s p e c t i v e  of more t h a n  15 t o  20 
y e a r s  i s  be ing  developed a t  IIASA. It i s  based on c o o r d i n a t i o n  
of  t h e  H a f e l e - ~ a n n e  op t imiza t ion  energy model [4]  w i t h  a  long- 
term macroeconomic model [5]  and wi th  t h e  model desc r ibed  i n  
t h i s  paper.  
Among o t h e r  p o s s i b l e  u s e s  o f  t h e  model we may mention t h e  
development of i n d i v i d u a l  energy programs, i . e .  de t e rmina t ion  of 
t h e  a c t i o n s  and t ime needed t o  achieve  a  g iven  aim ( f o r  i n s t a n c e ,  
developing  f i s s i o n  o r  f u s i o n  on a  l a r g e  s c a l e ) .  Moreover, t h e  
model a l l ows  us  t o  ana lyze  d i f f e r e n t  v a r i a n t s  o f  import  of  equip- 
ment and m a t e r i a l s  f o r  t h e  ESS and t o  e v a l u a t e  t h e  economies o f  
capital investments and other expenses for related branch devel- 
opment. The model can also be implemented for rough estimation 
of changes in related branch development when plans or programs 
are modified during realization. 
In conclusion, it should be said that all the tasks men- 
tioned make their own demands on the structure of the model, 
the ways in which it is used, the completeness and quality of 
the initial data, and the composition of the related branches 
and products considered. 
Acknowledgment 
I should like to thank W. Sassin for valuable discussion 
and suggestions, and Maria Sachs for her help beyond the call 
of editorial duty. 
References 
[I] Problems o f  t h e  I n f l u e n c e  o f  Enargy P r o d u c t i o n  Development 
on o t h e r  S e c t o r s  o f  t h e  N a t i o n a l  Economy (in Russian), 
Yu. Kononov and A. Makarov, eds., Siberian Power 
Institute, Academy of Sciences of the USSR, Irkutsk, 
1975. 
121 Problems o f  O p t i m i z a t i o n  and Management i n  Energy S y s t e m s .  
The I n v e s t i g a t i o n  o f  E x t e r n a l  R e l a t i o n s  (in Russian), 
Yu. Kononov, ed., Siberian Power Institute, Academy of 
Sciences of the USSR, Irkutsk, 1972. 
131 Kononov, Yu. D., and V.Z. Tkachenko, S t u d y  o f  t h e  E x t e r n a l  
P r o d u c t i o n  R e l a t i o n s  o f  Energy Economy w i t h  t h e  Aid o f  
I n t e r s e c t o r s  Models,  Proceedings of an International 
Symposium on Mathematical Models of the Energy Sector, 
Alma-Ata, USSR, 1 973. 
[4] Hafele, W., and A.S. Manne, S t r a t e g i e s  f o r  a  T r a n s i t i o n  
from F o s s i l  t o  Nuclear  F u e l s ,  RR-74-7, International 
Institute for Applied Systems Analysis, Laxenburg, 
Austria, 1974. 
[5] Biirk, R., and W. ~afele, An At tempt  a t  Long-Range Macro- 
economic Model l ing i n  View o f  S t r u c t u r a l  and Techno- 
l o g i c a l  Change, RM-76-32, International Institute 
for Applied Systems Analysis, Laxenburg, Austria, 1976. 
